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Metorw po6oTH OyJI0 AOCHIIKEHHS TEIUIOOOMIHY IIpU Tedii HarpiToro
TEIMJIOHOCIE B BEPTUKAIILHOMY IPYHTOBOMY TEIUIOOOMIHHUKY Ta PO3PaXyHOK
IpoLECy TEIUVIOOOMIHY B CHUCTEMI «BEPTUKAJIBHUN TEIJIOOOMIHHHUK - TPYHT».
Po3paxyHOK TIPOBOAMBCS TUISIXOM YHCEIBHOTO MOJICITIOBAHHS  CIPSKEHOT
TUTOCKOT 3a/1a4i 3 BUKOPHUCTAHHSIM IIPOTrpaMHOTro makety Phoenics.

3amaua  BupimryBasiacs U1 BEPTHUKAIBLHUX  CBEPAJIOBUHHUX
TEII000MIHHUKIB 1BOX TuIiB: U-moniGHOTro, KMl 3aHYpEHO B CBEPUIOBUHY
rMOMHOI 25 M 1 TEIIO0OOMIHHHMKA KOAKCIaJbHOI'O THITY, PO3MIIICHOTO B
cBepasioBuHI ruouHo0 300 M. J{ns po3paxyHKy JIWHAMIKK pyXy TEIJIOHOCIS B
TEIJIOOOMIHHUKY 1 TIPOLIECIB TEIJIOMPOBIIHOCTI B IPYHTOBOMY MAacCHBI
BUKOPUCTOBYBAJIACsl CTaHIapTHa K-g- MoJeb TypOYJICHTHOCTI B JCKApTOBHX
koopauHaTax s U-momiOHOro TermmooOMiHHMKA 1 B IWIHAPUYHUX — JIJIS
KOaKClaJbHOTO.

MopentoBaBcs TpoIeC aKyMYJIIOBaHHS Ta BWIYYEHHS TEIUIOTH 3a
nornoMororo U-1io/1i0HOTO BEPTUKAIBHOTO TETIOOOMIHHMKA, BUTOTOBJICHOTO 3
MoJIiMepHOT1 TpyOH 30BHIIIHIM JiameTpoM 32 MM, TOBIIMHOIO 4 MM. B skocti
TEIUIOHOCISI BUKOPHCTOBYBajacs BOJa, IIBHAKICTh fAKOI Ha BXOIl B
TEMJI000MIHHUK BapitoBanacs B Mmexax 0,1-1,0 m/c. Temneparypa temnoHocis Ha
BXOJi B TerrooOMinauk npuiiManacs 50 °C npu akymyiroBadsi Teriotu i 10 °C
Py BUJIYYEHHI paHilll aKyMyJIbOBaHOI TEIJIOTH. B pe3ynpTari po3paxyHKIB
OTPUMAHO 3MIHYy TeMmIlepaTypd IPYHTY BIPOJOBX IIECTH  MICSIIIB
aKyMyJIFOBaHHS TEIUIOTH Ta BUIYYEHHS HAKONMUYEHOI TEIJIOTH MPOTATOM IIECTH
MicsIiB. JIOCHIJDKeHHsS TMOKa3alid, 110 MpU aKyMyJIIOBaHHI HaMOUIbII TTOBHE
CIpallbOBYBaHHS TEMIIEPATYPHOIO IMOTEHINAy TEIUIOHOCIS BiIOYBAa€ThCS INpPHU
mBuaKocTi Teruionocis 0,1 m/c. Ilpum BumydeHHI TEIUIOTH TpU TakKiil ke
IIBUJIKOCTI MOXXHAa OTPUMATH TEIUIOHOCIM Ha BHXOJl 3 TEINIOOOMIHHUKA 3
HaWOUIBIII BUCOKOIO TEMIIEPATYPOIO.

Po3risHyTO 3aauy MOXJIMBOTO BHCOKOTEMIIEPATYPHOI'O IPYHTOBOTO
aKyMYJIIOBaHHS TEIUIOTH BEPTUKAIBHUM TETUIOOOMIHHUKOM KOAKCiaJdbHOTO
TUIy, SIKUM CKJIQJAa€ThCsl 3 30BHINIHBOI CTasieBOi TpyOu aiamerpom 220 MM i
TOBUIMHOIO CTIHKM 5 MM 1 BHYTPIIIHbOI MOJ1ypeTaHOBOI TpyOu niamerpom 150
mM. Temmepatypa TerutoHociss (Boam) 3amaBamacs 90 °C. Pexum pyxy
JamMiHapHUM, 110 OyJ10 BU3HAYEHO po3paxyHKamu uncen PeliHonbca.

B pesynbTaTi po3paxyHKiB Oyid OTpPHUMaHi TOJS PO3MOAUTY THUCKY,
IIBUJIKOCTEH, TEeMIIepaTypu IJisg KOXKHOI 00JIacTi CUCTEMHU TeII00OMiHHUK-
IPYHT, @ TaKOX BU3HAYEHI IIBUJIKOCTI TEIJIOHOCIS 1 CEpelHl TemIepaTypu Ha
BUXO/I1 3 TETUIOOOMIHHUKA 1 PaJilyC PO3MOBCIOIXKEHHS TEIUIOTH B IPYHTI

PesynbraTty Oynm CHiBCTaBIICHHI 3 JJAHUMHU PO3PAXYHKIB 32 JOMOMOTOIO
aHAJIITHYHUX BUPAa3iB 1 OKa3aJIHl JOCTATHE Y3TOIKEHHS.
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The study of heat transfer during the flow of a heated coolant in a vertical
ground heat exchanger and calculation of the heat exchange process in the
"vertical heat exchanger-soil" system is the goal of the work. The calculation
was carried out by solving a flat conjugate problem using a software package
Phoenics.

The problem was solved for two types of vertical borehole heat
exchangers: a U-shaped exchanger, in well, 25 m deep and coaxial-type heat
exchanger located in a well 300 m deep. Calculation of the dynamics of the heat
carrier flow in the heat exchanger and heat conduction processes in the ground
was carried out using the standard k-e-model of turbulence. The calculation of
the U-shaped heat exchanger was carried out in a Cartesian coordinate system,
coaxial - in a cylindrical system.

The modeling of the process of accumulation and the extraction of heat by
a U-shaped heat exchanger is carried out. The heat exchanger was made of a
polymer pipe with an outer diameter of 32 mm and a thickness of 4 mm. The
heat transfer agent was water. The speed of the water at the inlet to the heat
exchanger varied within about 0.1-1.0 m / s. The temperature of the heat transfer
agent at the inlet to the heat exchanger was taken as 50 °C with accumulate and
10 °C when the previously accumulated heat was extracted. The change in
temperature in the ground during the accumulation of heat and during the
extraction of accumulated heat was received. Studies have shown that, when
accumulating, the temperature potential of the heat transfer agent is most fully
used at rate of 0.1 m/s. When the heat is extracted at the same speed, the heat
transfer agent will have the highest temperature.

The problem of possible high-temperature accumulation of heat of ground
by a vertical co-axial heat exchanger is considered. The heat exchanger consists
of an outer steel pipe with a diameter of 220 mm and a wall thickness of 5 mm
and an inner polyurethane pipe with a diameter of 150 mm. The temperature of
the the heat transfer agent (water) was set 90 °C.The mode of motion of the the
heat transfer agent was laminar, as determined by calculations of the Reynolds
number. Because of the calculations, pressure distribution fields, velocities, and
temperatures were obtained for each region of the heat exchanger-ground
system. The velocities of the heat carrier and the average temperatures at the
outlet from the heat exchanger and the radius of propagation of heat in the
ground are determined.

The results of the studies were compared with the calculations on the
analytical models , and they showed a satisfactory matching.



